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Abstract
We show that “accidental” supersymmetry is a beyond-the-Standard Model framework that natu-
rally accommodates a thermal relic dark matter candidate and successful electroweak baryogenesis,
including the needed strongly first-order character of the electroweak phase transition. We study
the phenomenology of this setup from the standpoint of both dark matter and baryogenesis. For
energies around the electroweak phase transition temperature, the low-energy effective theory is
similar to the MSSM with light super-partners of the third-generation quarks and of the Higgs and
gauge bosons. We calculate the dark matter relic abundance and the baryon asymmetry across
the accidental supersymmetry parameter space, including resonant and non-resonant CP-violating
sources. We find that there are regions of parameter space producing both the observed value of
the baryon asymmetry and a dark matter candidate with the correct relic density and conforming
to present-day constraints from dark matter searches. This scenario makes sharp predictions for
the particle spectrum, predicting a lightest neutralino mass between 200 and 500 GeV, with all
charginos and neutralinos within less than a factor 2 of the lightest neutralino mass and the heavy
Higgs sector within 20-25% of that mass, making it an interesting target for collider searches. In
addition, we demonstrate that successful accidental supersymmetric dark matter and baryogenesis
will be conclusively tested with improvements smaller than one order of magnitude to the current
performance of electron electric dipole moment searches and of direct dark matter searches, as well
as with IceCube plus Deep Core neutrino telescope data.
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I. INTRODUCTION
The Standard Model (SM) of particle physics is missing several key ingredients needed for
a satisfactory phenomenological description of nature. First, it does not provide an expla-
nation for the observed baryon asymmetry of the universe (BAU). Second, the SM does not
contain any viable particle candidates for dark matter (DM), which is needed to explain a
large array of astrophysical and cosmological observations. From a more theoretical perspec-
tive, the SM additionally falls short of explaining the large hierarchies between fundamental
physical scales. In particular, it provides no satisfactory explanation for why the Planck
scale, MPl ∼ 1019 GeV, is so much higher than the electroweak (EW) scale, mEW ∼ 100
GeV. This is known as the hierarchy problem.
In recent years, several models have been suggested that address the hierarchy problem. In
particular, models with warped extra dimensions, such as Randall-Sundrum (RS) scenarios,
have been proposed which naturally generate the hierarchy between the Planck and EW
scales [1]. In RS models, the universe is described by a five-dimensional (5D) geometry
with two four-dimensional (4D) branes located at the UV (Planck) and IR (TeV) points.
The Higgs fields are localized on (or near) the IR brane, and the warped fifth dimension
“redshifts” the Planck scale to the TeV scale, providing a rather elegant solution to the
hierarchy problem. Additionally, by placing the SM fermions in the bulk, hierarchies between
the Yukawa couplings can be accounted for by the wave-function overlap with the Higgs
boson in the fifth dimension [2].
While explaining the hierarchy problem, simply embedding the SM in a RS scenario
is not fully satisfactory. To prevent sizable CP-violating effects from Kaluza-Klein (KK)
modes in the absence of additional flavor structure, the IR scale must be at or above O(10
TeV)[3]. Precision electroweak experiments also dictate that the IR scale must be larger
than the EW scale, hence some additional tuning is required between these scales. This
is an incarnation of the so-called little hierarchy problem. To resolve this issue, models of
“emergent” or “accidental” supersymmetry have been proposed (see e.g. Refs. [4–6]), in
which supersymmetry (SUSY) emerges as an accidental symmetry in the IR, with SUSY
broken on the UV brane. As a result, the Higgs mass can be protected from radiative
corrections up to the IR scale, while the warped extra dimension generates the hierarchy
between the TeV and Planck scales. Within this framework, which we describe in more
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detail in Sec. II, both hierarchy problems can potentially be resolved. The specific particle
content of the theory depends on the model of SUSY embedded in the Randall-Sundrum
spacetime. Since we are interested in the general features of accidental supersymmetric
models, we will consider the particle content of the minimal supersymmetric extension of
the standard model (MSSM) as a conservative case from the standpoint of the field content
of the theory.
Randall-Sundrum scenarios can do more than just solve the big and little hierarchy prob-
lems. In fact, we show here that models with warped extra dimensions may also provide an
explanation for the origin of the baryon asymmetry via the mechanism of electroweak baryo-
genesis (EWB). Crucial to this mechanism are a number of conditions, ultimately related
to those generically needed for any dynamical mechanism for the production of a baryon
asymmetry [7]: first, one needs departure from thermal equilibrium at the electroweak scale;
second, one needs large enough charge (C) and charge-parity (CP) violation; third, one
needs violation of baryon number. The second and third conditions are easily satisfied in
the context of supersymmetric EWB models: any minimal supersymmetric extension to
the SM, in fact, contains numerous (albeit constrained) new sources of CP violation, while
baryon number (B) violation, is provided by SM weak sphalerons — we will comment on
this more below. More critical is how to have a large deviation from thermal equilibrium —
a condition in practice realized, in the context of EWB, via a strongly first-order electroweak
phase transition. As pointed out in Ref. [8], here the RS setup may be of crucial importance,
as we also explain below.
While the universe is described by the Randall-Sundrum spacetime at zero temperature,
at finite temperature, RS models possess an additional high-temperature phase, described
by an Anti-de Sitter-Schwarzschild (AdS-S) spacetime with a black hole horizon replacing
the TeV brane [9]. Alternatively, a holographic description facilitated by the AdS-CFT
correspondence also exists in which the two phases correspond to a deconfined and to a
confined phase of a strongly coupled gauge theory, respectively. Provided that the free
energy of the RS phase is less than the free energy of the AdS-S phase, FRS < FAdS−S, a
phase transition can occur between the two: as the universe cools below a temperature Tc,
bubbles of the TeV brane can begin to nucleate out of the black hole horizon [9] (see also
Refs. [8, 10, 11] for further discussion of the confining phase transition).
Because, from the CFT perspective, conformal invariance is only spontaneously broken
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in the RS phase, FRS > FAdS−S implies that the RS phase is metastable. For the confining
phase transition to occur, one must introduce some mechanism to explicitly break conformal
invariance. From the AdS perspective, this can be accomplished by stabilizing the radion
(the field governing the separation between the UV and IR branes) with a potential generated
e.g. by additional 5D fields. Once the radion is stabilized, the free energy of the two phases
will be equal at some temperature T = Tc producing a phase transition via bubble nucleation
with nucleation temperature Tn ≤ Tc. In many cases, Tn can be significantly lower than the
temperature of the electroweak phase transition (EWPT) predicted by the 4D Minkowski
theory [8]. Since the Higgs sector is typically confined to the IR brane, this low nucleation
temperature results in a “supercooled” EWPT (i.e. taking place at lower temperatures
than otherwise possible), thereby potentially strengthening the phase transition. While
this supercooling was studied specifically in the case of the SM embedded in RS with a
Goldberger-Wise potential [12] for the radion in Ref. [8], this possibility is a consequence
of the geometry and localization of the Higgs sector in the IR and is largely independent
of the particle content of the theory and can therefore potentially arise in accidental SUSY
as well. As a result, models of accidental SUSY may provide a strongly first order EWPT
even without e.g. a light right-handed scalar top (stop) quark [13, 14], or additional singlets
contributing to the Higgs potential [15], as is typically required for successful EWB in the
MSSM. Alternatively, as we explain in the next section, certain incarnations of the accidental
SUSY framework also posit, as a solution to the µ-problem, an additional extension to the
Higgs sector via a singlet scalar field. This potentially provides an additional route to a
strongly first order electroweak phase transition.
Since a strongly first order phase transition appears to be a natural possibility in ac-
cidental SUSY, the remaining issue pertinent to EWB is the requirement of large enough
CP-violation to seed weak sphalerons, which will be the primary focus for the rest of this
study. In fact, accidental SUSY naturally satisfies this requirement as well. Even in its
MSSM incarnation, there are several new CP-violating phases which can source the baryon
asymmetry. In particular, there are new phases arising in the higgsino-gaugino and third-
generation scalar sectors. It has recently been shown that of the third-generation scalars,
only CP-violating stau sources can account for the observed baryon asymmetry while still
conforming to various phenomenological and experimental constraints from electric dipole
moment searches [16]. Here we concern ourselves with moderate values of the ratio of Higgs
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vevs, tan β = 10, in which case the stau sources are suppressed. We will therefore be inter-
ested in EWB with higgsino-gaugino sources in accidental SUSY. Electroweak baryogenesis
utilizing these sources in the MSSM has been extensively analyzed in recent studies (e.g.
[13, 17–33]), and we build on these analyses in our study of the accidental SUSY scenario.
Note that extending the particle content beyond that of the MSSM would provide more
potential sources of CP-violation.
Supersymmetric RS models also have the added benefit of generically containing a viable
dark matter candidate, if the lightest supersymmetric particle (LSP) corresponds to the
lightest neutralino, over some regions of parameter space. This is a result of R-parity
conservation, whereby the LSP is stable. Thus it may be possible for accidental SUSY
to simultaneously explain the origin of the BAU and the nature of dark matter, while
also solving both the big and little hierarchy problems. In fact, the production of both
the relic DM density and the baryon asymmetry via higgsino-gaugino sources are closely
connected [30, 31], since both depend predominantly on the higgsino mass term µ and on
the gaugino soft-supersymmetry breaking masses M1 and M2. Consequently, enforcing both
the correct DM properties and baryon asymmetry in conformity with various observational
constraints may result in sharp predictions for the regions of interest within the accidental
SUSY parameter space. This is an attractive possibility and one which we explore in the
present study.
In what follows we compute the baryon asymmetry across the parameter space of a min-
imal (MSSM-like) incarnation of accidental SUSY. We do so independently of the specifics
of SUSY breaking, choosing higgsino and gaugino masses which yield the correct DM relic
density (this is the so-called “well-tempered neutralino” setup [34]) and assuming a strongly
first-order electroweak phase transition arising either from the supercooling provided by
the AdS-S transition or from the contribution of a gauge singlet super-field to the effective
potential. We then impose constraints from electric dipole moment (EDM) measurements
and from dark matter searches to outline potentially viable regions of the parameter space.
We also consider the impact of the projected sensitivities of these various experiments. In
doing so, we find that accidental SUSY models, even in their most minimal incarnations,
may allow for successful EWB and a viable DM candidate provided that the resulting soft
breaking wino mass, M2, and the higgsino mass parameter µ are roughly degenerate, with
the LSP a bino-higgsino admixture; we also require the MSSM heavy Higgs sector to lie
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relatively close to twice the LSP mass. These findings can be used to hone in on specific
models of accidental SUSY giving rise to the observed properties of our universe.
II. ACCIDENTAL SUPERSYMMETRY
The framework of accidental SUSY can be used to both generate a hierarchy between the
Planck and IR scales and a little hierarchy between the electroweak and IR scales by embed-
ding supersymmetry in an RS spacetime [6]. The Higgs mass is protected from higher order
corrections up to the IR scale mIR by requiring the superpartners of the third-generation
quarks1, as well as those of the gauge and Higgs bosons, to be light in order to cancel the
loop corrections from their SM counterparts to the Higgs mass. The warped extra dimension
then takes over in protecting the hierarchy between the IR and Planck scales for scales above
mIR. On the other hand, superpartners of the quarks and leptons of the first two genera-
tions should be heavy to avoid excessive flavor and CP-violation which would occur if the
mediation of SUSY breaking is not flavor blind. This spectrum is reminiscent of so-called
“Split SUSY” models [35].
Much previous work has been devoted to the study of supersymmetric Randall-Sundrum
models [2, 4–6, 36, 37]; the specifics of the resulting particle spectrum inherently rely on the
underlying assumptions about particle content, SUSY breaking, localization of the particles
in the 5D spacetime, etc. However, here we are concerned with the generic features of
accidental supersymmetry relevant to EWB and to dark matter phenomenology, and so we
limit our assumptions to a few key points representing the main features of this setup. For
the sake of generality, we take the particle content embedded in the RS spacetime to be
the minimal supersymmetric spectrum of the MSSM. Our assumptions about the resulting
spectrum, typical of accidental SUSY models, are listed in the bullet points below. For the
sake of illustration, we focus in this section on the model set forth in Ref. [6] as a concrete
example demonstrating how these features arise in accidental SUSY scenarios, briefly and
qualitatively summarizing some of the aspects of the setup relevant for our investigation
below. We stress, however, that the remainder of this study will not necessarily depend
on this particular model. We work in the 5D gravity language of the gauge-gravity duality
1 Typically, the RH sbottom is taken to be heavy, as sbottom loop contributions to the Higgs mass are
subdominant
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except where noted. Readers comfortable with the general setup of accidental SUSY may
skip down to our bullet points below.
We consider a minimal supersymmetric theory embedded in a RS spacetime with metric
ds2 = e−2k|y|ηµνdxµdxν + dy2 (1)
where ηµν is the Minkowski metric and k denotes the scale of AdS curvature. The 5th
dimension is an S1/Z2 orbifold with coordinate y. The points y = 0, ` are the positions of
the UV and IR branes, respectively, corresponding to the orbifold fixed points. Denoting
the 4- and 5-dimensional Planck masses as M4, M5, respectively, the warped-down IR scale
on the y = ` brane is assumed to be mIR = e
−k`k (we assume k` ∼ 30 throughout), and we
assume the UV cutoff on the IR brane is given by ΛIR = e
−k`M5. In Ref. [6], to naturally
implement the split SUSY spectrum, supersymmetry is broken on the UV brane at an
intermediate scale MSUSY M5, with light standard model fermions localized near the UV
brane so that their superpartners feel SUSY-breaking maximally. This results in heavy first-
and second-generation sfermions. Meanwhile, the higgsinos and stops are localized near the
IR brane so that they remain light. The gauginos are protected by an accidental R-symmetry
(they have sizable wavefunction overlap with the UV brane, and so would typically be heavy
without this symmetry). One can introduce both (i) a bulk hypermultiplet, which obtains
an F -term when SUSY breaking occurs from its coupling to a SUSY-breaking spurion on the
UV brane, and (ii) a constant superpotential on the IR brane2 with mass scale C. Combined,
both (i) and (ii) generate a potential for the radion (whose chiral superfield is denoted by
ω), stabilizing the radion at a scale mIR which we take to be around 10 TeV (see Ref. [6] for
details concerning the radion potential in this scenario).
We are ultimately interested in the low energy phenomenology of accidental SUSY models,
below the cutoff ΛIR. To extract the low energy effective theory, one must integrate over
the extra dimension and account for the effects of the radion superfield by canonically
normalizing the radion and chiral superfields localized on the IR brane. This yields masses
for the scalar (and pseudoscalar) degrees of freedom (associated with the real and imaginary
parts of the complex radion field, respectively) near the soft scale at the minimum of the
potential [6]. Denoting this canonically normalized radion superfield as ϕ, one can show
[36], given certain ansa¨tze, that the effective low energy superpotential on the IR brane,
2 A constant superpotential must also be added to the UV brane to tune the cosmological constant to zero.
7
W IReff , reads, after canonical normalization,
W IReff = e
−3ϕ/ΛIRW IR(Qi, Hi), (2)
where W IR is the superpotential for the IR-localized chiral superfields (the Higgs and third-
generation quarks in our case). As a result, any dimensionful coupling in the superpotential
of the embedded supersymmetric theory, which is naturally near the 4D Planck scale, will be
warped down to the IR scale. In the case of an MSSM-like superpotential W IRMSSM, employed
here, this results in µ ∼ mIR and thus a supersymmetric little hierarchy must be reintroduced
so that µ is near the soft scale, as required to obtain the correct dark matter relic abundance
(discussed in Sec. III). We comment more on this below, but for the moment we shall simply
assume some tuning so that µ ∼ 100− 1000 GeV.
The effective superpotential W IReff in Eq. 2 shows that there can be considerable differences
between the low energy phenomenology of a supersymmetric RS theory and its 4D flat-
space counterpart due to the presence of the radion superfield. The Ka¨hler potential is also
typically non-minimal in such theories [36]. The effective superpotential and Ka¨hler potential
can result in mixing between the radion and Higgs, between the radion superpartner (the
“radino”) and higssinos, as well as couplings of the radion fields to the other IR-localized
degrees of freedom. While these effects are interesting from the standpoint of low-energy
phenomenology, they are largely model-dependent and so we neglect them for the remainder
of our study. In particular, we assume that: (1) the radino mass (which depends on the
details of SUSY breaking) is large enough so that it decouples from the phenomenology,
and (2) that the IR-localized fields couple minimally to gravity so that there is no mixing
between the Higgs and radion. While these assumptions still allow for couplings of the
radion to the IR-localized fields (and thus potentially impacting the calculation of the baryon
asymmetry), we estimate that the relevant rates are small compared to other processes of
interest (see Eq. 9 and the surrounding discussion). In addition to the radion, RS models
are accompanied by the usual Kaluza-Klein excitations, which can also play a role in the
phenomenology. However, as discussed above, we assume that these modes are heavy, in
order to avoid constraints from e.g. CP- and flavor-violation; this assumption effectively
decouples them from the processes of interest here. Summarizing, as a result of these
assumptions, the particle content we consider is simply that of the MSSM, with the mass
hierarchy typical of accidental SUSY models, discussed below. One should bear in mind
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that effects associated with the radion which we neglect here can significantly impact other
aspects of low-energy phenomenology, such as those associated with collider searches [38].
The main virtue of accidental SUSY models for our purposes, then, is that they can
provide an attractive supersymmetric spectrum for the sectors relevant for dark matter
and electroweak baryogenesis, in addition to facilitating the requirement of a strongly first-
order EWPT. With SUSY breaking occurring on the UV brane, the various parts of the
visible sector feel SUSY breaking in different ways. In Ref. [6], SUSY breaking for the UV-
localized supermultiplets is felt primarily from the effects of heavy UV-localized messengers.
Integrating out the messengers (with mass scale MX), yields the 5D effective Lagrangian [6]
L5 ⊃ δ(y)
∫
d4θ
Φ†Φ
k2M2X
Q†Q, (3)
where Φ is the SUSY-breaking spurion. Upon inserting the wavefunction of the zero-mode
for the multiplet Q, one obtains
mUVsoft ∼
M2SUSY
MX
(4)
for the soft masses of UV-localized sfermions. For reasonable choices of the messenger scale,
these large masses effectively decouple them from the processes of interest for electroweak
baryogenesis, which occur below the TeV scale.
In order to protect the Higgs mass from gauge boson loops, the gauginos must also be
light, implying that the generically leading contribution to the gaugino masses ΦWαW
α
must be suppressed; otherwise, the gauginos would acquire soft masses mgaugino of the same
order as Eq. 4. This can be done, as in Ref. [6], by charging the spurion Φ under a U(1)′
gauge symmetry, in which case the leading contribution to mgaugino typically arises from
L5 ⊃ δ(y)
∫
d4θ
Φ†Φ
k2M3X
WαWα + h.c.. (5)
Inserting the zero-mode gaugino wavefunction yields gaugino soft masses
mgaugino ∼
(
M2SUSY
M2Xk`
)
mUVsoft (6)
which can be of order the soft IR scale mIRsoft provided that MX ∼M4/3SUSY/m1/3IR . The SUSY-
breaking scale is confined to be in the range 107 GeV <∼ MSUSY <∼ 1011 GeV to obtain a
sufficiently large mUVsoft while preventing excessive contributions from radion mediation to the
gaugino masses [6].
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Finally, the IR-localized supermultiplets must also be light to stabilize the electroweak
scale. If these particles are sufficiently localized on the IR brane, the largest contributions
to the corresponding soft masses arise from gravity mediation. These contributions arise
from the part of the 4D effective Lagrangian given by [6]
L4 ⊃
∫
d4θω†ω
[
Φ†Φ
]
IR
M35
(
Q†Q+H†uHu +H
†
dHd
)
(7)
where we have considered the Higgs sector of the MSSM (this differs from Ref. [6] as already
mentioned). The above Lagrangian leads to IR soft masses
mIRsoft ∼
√
6
(
C
M5
)3
mIR (8)
which can provide the little hierarchy between soft and IR scales for only a modest hierarchy
between the scale of the constant IR superpotential and the 5D Planck scale.
As is well known, in the MSSM, some tension exists between having light stops and
obtaining a Higgs mass consistent with the (tentative) 125 GeV Higgs reported by CMS
and ATLAS [39]. A way out is having significant mixing in the stop sector, which can allow
for a heavy enough Higgs without decoupling the stops (see e.g. Ref. [40]). This possibility
would not change the phenomenology relevant for calculating the baryon asymmetry or dark
matter density (although it would require some additional tuning). On a related note, in
considering the particle content of the MSSM embedded in the RS spacetime, we have not
ameliorated the so-called “µ-problem”, which reintroduces a supersymmetric little hierarchy
as mentioned above, since µ will typically be of the order of the warped-down Planck scale,
mIR which is necessarily higher than the EW scale. This could be addressed by considering
e.g. the NMSSM Higgs sector (as in Ref. [6]), which dynamically gives rise to µ near the soft
IR scale, while at the same time raising the tree-level Higgs mass so that tuning of the stop
mixing is not required. In fact, the additional gauge singlet superfield is not crucial to the
phenomenology we are interested in here and so we could very well frame our discussion in
the NMSSM (provided that the LSP is not singlino-like). However, we content ourselves with
considering the particle content of the MSSM despite these issues, specifically to emphasize
that one does not necessarily require the singlet introduced in the NMSSM for successful
baryogenesis in accidental supersymmetric models, as discussed in the introduction. This
fact, along with the minimal set of additional CP-violating phases in the MSSM, suggests
that MSSM-like accidental SUSY scenarios provide a conservative look at the prospects for
accidental supersymmetric dark matter and baryogenesis.
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We note that in addition to the soft-breaking masses in Eqs. 4, 6, 8, there are also
hard-SUSY breaking terms in the effective 4D Lagrangian which affect the couplings of
the gauginos (such as those governing CP-violating higgsino-gaugino source and the so-
called “supergauge interactions” discussed in Sec. IV) and (scalar)4 interactions [5]. These
enhanced couplings will affect the light scalar masses through loop corrections, and a mild
tuning must generally be invoked to keep these effects small, implying corrections <∼ O(10%)
to the couplings [6]. While we neglect these (model-dependent) corrections in our calcula-
tions, the reader should bear in mind that larger gaugino couplings will enhance the baryon
asymmetry, strengthen the EDM constraints, and increase the various dark matter cross-
sections, thereby potentially strengthening the exclusions discussed in Sec. VIII for models
with large hard-breaking effects.
The above considerations are only one specific realization of the accidental supersym-
metric framework. However, some general features emerge for the spectrum typical of such
theories. Specifically, accidental SUSY naturally accommodates:
• Light third generation squarks, gauginos, and higgsinos, mIRsoft, mgaugino <∼ 1 TeV;
• Heavy sleptons and first- and second-generation squarks (mUVsoft >∼ 1000 TeV);
• Heavy Kaluza-Klein modes, possibly starting at around 40 TeV;
• A radion at the soft scale
• A neutralino LSP
• Model-dependent masses for the heavy Higgs sector, gravitino, and radino.
The effective 4D theory at low energies we will consider is described by the MSSM with
the above spectral features (we assume that the effects of the gravitino, radion fields and
KK modes on processes of interest are negligible). Rather than considering one detailed
model of SUSY breaking and the resulting mass patterns, we proceed model-independently
in choosing values for the various relevant parameters in our calculations as described in the
following sections. As we will see, the above features of the typical accidental SUSY spectrum
are attractive from both the standpoint of dark matter and electroweak baryogenesis.
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III. A WELL-TEMPERED NEUTRALINO
In the context of minimal supersymmetric extensions to the Standard Model with heavy
sfermion masses and a neutralino LSP, as in the low-energy effective theories of accidental
SUSY of interest here, the thermal relic density of the LSP is fixed by (i) the relevant entries
in the neutralino mass matrix: the higgsino mass term µ, the bino soft supersymmetry
breaking mass term M1, and the wino soft supersymmetry breaking mass term M2; and (ii)
the presence or absence of a resonant annihilation channel via the light (h) or heavy (H, A)
Higgses, or with the Z boson. The accidental SUSY scenario does not imply either a rigid
hierarchy among µ, M1 and M2, or a specific mass range for the lightest neutralino or for the
heavy Higgs sector. We therefore take here the model-independent view of treating all the
relevant parameters as free, while at the same time enforcing the requirement of a thermal
relic density matching the cold dark matter density, Ωχh
2 ' ΩDM ' 0.11.
Numerous studies have addressed the set of (µ, M1, M2) producing a “well-tempered”
thermal relic neutralino [34]: early analyses of bino-higgsino mixing generating the right
thermal relic density include e.g. Refs. [41–45], while wino-bino mixing was originally stud-
ied, to our knowledge, in Refs. [45–47]. With heavy sfermion masses, bino-like neutralinos
have very suppressed pair-annihilation cross section, making it indispensable to have either
some degree of higgsino- or wino- mixing, a resonant annihilation channel, or one (or more)
co-annihilation partner(s). Generically, mixed higgsino-wino neutralinos have masses well
above one TeV, with lighter, sub-TeV higgsino-wino neutralino LSPs being systematically
under-abundant as thermal relic dark matter candidates. Such heavy LSPs push the mass of
the particles relevant to the CP violating sources responsible for EWB to exceedingly large
values, making them too heavy to produce the observed baryon asymmetry.
In this study, we explore the (µ, M1, M2) parameter space by focusing on the (M1, M2)
plane, where we calculate (using the DarkSUSY code [48] for the computation of the neu-
tralino thermal relic density) the value of µ that leads to the correct thermal relic density.
Since, as we will show, low (meaning at or below a TeV) values for the mass-scale of the
heavy Higgs sector will be generically needed to produce a large enough BAU, we choose
for the sake of illustration the two values mA = 500 GeV and mA = 1000 TeV (note that
significantly smaller values of mA lead to excessive SUSY contributions to e.g. b→ sγ, while
larger values fail to yield a large enough BAU, as we show below). This choice will lead to
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resonances for neutralino masses mχ ' mA/2 ' 250, 500 GeV.
Fig. 1 presents the results of the procedure outlined above. The yellow region with
M2 < M1 features wino-like neutralinos, with Ωχh
2  ΩDMh2 for any value of µ. The red
region at the bottom of the plot has charginos lighter than the LEP limit of about 103 GeV,
and is thus ruled out (note that at present LHC searches do not significantly constrain this
parameter space in a generic way, i.e. not assuming any relation between gaugino masses, and
thus for generic gluino masses). The resonances appear for M1 ' mχ ' mA/2. Additionally,
large values of µ correspond to the M1 ' M2 region, where bino-wino mixing efficiently
suppresses the abundance of relic neutralinos. The generic feature of the plots is that for
each value of M1 a value of µ >∼M1 is selected, with larger µ for smaller M2, where bino-wino
mixing starts being important.
In the remainder of this study, we employ the values of µ shown in Fig. 1, thus enforcing
the correct thermal relic density, and vary quantities (such as the CP violating phases)
that affect very marginally the thermal relic density (see e.g. the discussion in Ref. [30])
while being crucial to the BAU calculation. We then compute the BAU produced by EWB
(Sec. IV), electric dipole moments (Sec. V), and dark matter detection rates (Sec. VI),
comparing model predictions with existing experimental data and with the performance of
future experiments.
IV. THE BARYON ASYMMETRY
In supersymmetric models of electroweak baryogenesis, the baryon asymmetry is pro-
duced by baryon number-violating weak sphalerons, acting on a net left-handed (LH)
fermionic charge density nL. The LH density arises from CP-violating interactions of the
particles with the EWPT bubble wall. For a detailed and recent review of EWB in super-
symmetry, see Ref. [49].
At the practical level, the calculation of the baryon asymmetry in supersymmetric EWB
requires two steps: first, a set of coupled quantum Boltzmann equations (QBEs) must be
solved for the production and transport of the chiral charge; second, since weak sphalerons
are essentially decoupled from the system of QBEs, to obtain the baryon asymmetry YB one
simply integrates over the LH charge density in the unbroken phase, where weak sphalerons
13
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FIG. 1. Curves of constant µ (in GeV) on the (M1,M2) plane corresponding to “well-tempered”
neutralinos producing a thermal relic density matching the observed cold dark matter density. The
red regions are ruled out by LEP searches for charginos, while the yellow region has wino-like
neutralinos with a largely under-abundant density for any value of µ. In the left panel we set
mA = 500 GeV, while in the right panel to 1000 GeV.
are active3. While a detailed study of the electroweak phase transition in accidental SUSY
would be interesting and necessary to establish the details surrounding e.g. the nucleation
temperature in these models, it is beyond the scope of this paper and so we simply assume
the necessary strongly first order electroweak phase transition in our calculations as a re-
sult of either the supercooling by the AdS phase transition or of some additional particle
content not related to the mechanism of EWB (e.g. an additional singlet superfield in the
superpotential).
To solve the set of QBEs for nL, one must keep track of all relevant particle number-
changing interactions active near the EWPT. These consist of:
1. CP-violating sources. The relevant CP-violating phases for the low-energy accidental
SUSY effective theory near the EWPT are those of the MSSM in our setup. As dis-
3 Weak sphalerons are inactive in the broken phase precisely because of the required strongly first order
phase transition
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cussed in the Introduction, the sources we consider are those associated with higgsino-
gaugino-vev interactions.
2. Tri-scalar and Yukawa interactions between the quark and Higgs superfields. These
rates arise from the interactions in the MSSM superpotential, as well as through the
soft breaking effects discussed in Sec. II.
3. Chiral relaxation rates for the (s)quark and higgsino densities. These rates are CP-
conserving, arising from the interaction of the various fields with the Higgs vevs at the
EWPT bubble wall. They tend to dilute the overall baryon asymmetry.
4. Supergauge rates, responsible for converting between the SM particles and their cor-
responding superpartners. If these rates are fast, then chemical equilibrium is es-
tablished between SM densities and their superpartner counterparts. Throughout our
calculations, we follow previous studies [19–21, 31] and assume superequilibrium for all
relevant particle species in the transport equations, so that we can consider common
densities for the interacting particles and their superpartners.
5. Strong sphalerons, which convert third generation quarks to the first- and second
generation, and vice versa. Strong sphalerons can efficiently erase the net chiral charge
generated by the CP-violating sources if the stop masses are heavy [50, 51]. As a result,
we assume that the stops are light enough so that this suppression does not occur, but
also heavy enough not to be the LSP. This is in fact a natural feature of accidental
SUSY scenarios, and one of its virtues from the standpoint of EWB. For our numerical
calculations of the baryon asymmetry, as in previous studies [31], we assume a RH stop
soft mass mU3 = 0 GeV and LH soft mass mQ3 = 1000 GeV to show the maximal
extent of the parameter space compatible with the observed baryon asymmetry in this
setup.
6. Interactions involving the radion. As discussed in Sec. II, these interactions should be
generically small relative to the usual MSSM-like rates, since for particles of mass m
they are typically suppressed by powers of m/mIR (or T/mIR at high temperatures).
For example, the radion couples to the trace of the energy momentum tensor of the
IR-localized fields [52, 53], which results in Higgs-like interactions proportional to the
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masses of the various particles but suppressed by mIR. A simple estimate comparing
the rates for radion-top and top Yukawa interactions at finite temperature T , yields
Γϕt
Γyt
'
(
T
ytmIR
)2
<∼ 10−4 (9)
where yt is the top Yukawa coupling and we have assumed T is much larger than the
top thermal mass. Eq. 9 implies that the radion interaction rates are typically small,
and so we neglect them in our calculation of the baryon asymmetry. One should bear
in mind that any particle-changing relaxation rate, such as those involving the radion,
will tend to suppress the overall baryon asymmetry as 1/
√
Γ.
With the above considerations, the calculation of the baryon asymmetry in our effective ac-
cidental SUSY theory is analogous to the calculation in the MSSM with light third generation
squarks, higgsinos, and gauginos, and the relevant interaction rates then are simply those
of the MSSM. A more detailed account of the rates in 1-5 above is provided in Ref. [22], to
which we refer the interested reader.
With the above considerations, we calculate the baryon asymmetry following the tech-
niques and assumptions detailed in Refs. [19–23]. The evaluation of the CP-violating
sources, as well as the CP-conserving chiral relaxation rates, is carried out using the so-
called Higgs “vev-insertion approximation”, in which interactions between the particles and
the spacetime-varying Higgs vevs in the bubble wall are treated perturbatively [54]. This
prescription leads to a resonance in both the CP-violating and conserving rates for roughly
degenerate particle masses for the relevant species involved. Schematically, the higgsino
gaugino source is given by terms of the form
SCPV
H˜i
=
g2i
pi2
v(x)2β˙(x) Arg(Miµ)
×
∫ ∞
0
dkk2
ωH˜ωi
Im
{
nF (Ei)− nF (E∗H˜)
(Ei − E∗H˜)2
− nF (Ei) + nF (EH˜)
(Ei + EH˜)2
} (10)
where ω2
H˜,i
≡ |k|2 + MH˜,i, EH˜,i ≡ ωH˜,i − iΓH˜,i (here the ΓH˜,i are the thermal widths of the
corresponding particles in the plasma), nF is the Fermi distribution function, and the index
i denotes the various quantities for the wino or bino contributions to either the neutral or
charged sources. From the structure of Eq. 10, we see that in our setup the CP-violating
sources are strongest in parameter space regions where either the bino or wino soft mass (M1
or M2) is nearly degenerate with the higgsino mass parameter µ so that the corresponding
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denominator Ei − E∗H˜ in Eq. 10 is small, and where the relevant particles are light (c.f. the
Boltzmann suppression factors in Eq. 10).
A few comments on these calculational techniques are in order. First, the vev-insertion ap-
proximation tends to overestimate the production of the overall baryon asymmetry: in con-
sidering an approximate all-orders re-summation of the Higgs vev-insertions in perturbation
theory, Refs. [27, 55] showed that the resonance exhibited in Eq. 10 is smoothed out (hence
suppressed) by the resummation. Second, the resummation techniques of Refs. [27, 55] show
that there are other, non-resonant contributions to SCPV not appearing to lowest order in
the vev-insertion approximation. These contributions are the dominant ones away from the
resonance and for large values of the pseudoscalar Higgs mass, mA, which we discuss below.
The drawback of these approximately resummed sources is that it is not clear whether or not
they are consistent with the power-counting done to calculate the relevant relaxation rates
in the closed-time-path formalism [19] (for more details concerning the different existing
techniques for evaluating the baryon asymmetry in the literature, see Ref. [49]). Since these
non-resonant sources may open up more parameter space for EWB, we consider their im-
pact separately in Sec. VII: we show there that our conclusions obtained in the vev-insertion
approximation are qualitatively largely unchanged.
From the above form for the higgsino-gaugino source, Eq. 10, we see that accidental
SUSY, with its prediction of light higssinos and gauginos, can result in a sizable baryon
asymmetry through the source terms described above, provided the relevant mass terms
are nearly degenerate. Additionally, as mentioned above, the prediction of a rather light
RH stop in accidental SUSY (c.f. Eq. 8), also fares well for EWB, since a light stop is
required to prevent the efficient erasure of chiral charges by strong sphaleron processes4.
These considerations, in conjunction with the generic strongly first-order phase transition
potentially provided by the RS geometry, suggest that successful electroweak baryogenesis
may be naturally and successfully accomplished in accidental SUSY models. The question
remains: what regions of the accidental SUSY parameter space are most likely to produce
the observed baryon asymmetry while satisfying available experimental and observational
constraints?
To address this question, we calculate the baryon asymmetry produced by higgsino-
4 Note that the suppression of the BAU with heavy stops can be ameliorated by considering so-called
“lepton-mediated” scenarios of EWB [21]
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FIG. 2. Curves of constant BAU (in units of the observed BAU) for the “well-tempered” neutralinos
of Fig. 1 for mA = 500 GeV (left) and 1000 GeV (right), assuming maximal CP-violating phases
and the values of the various other parameters discussed in the text.
gaugino CP-violating interactions with the EWPT bubble wall. We vary the masses of the
gauginos, M1,2, while fixing µ by requiring the correct DM relic density, as discussed in
Sec. III. We show the resulting regions compatible with the observed baryon asymmetry
(YObs) for mA = 500, 1000 GeV, maximal CP-violating phases, and with the choices for the
other parameters discussed above in Fig. 2 on the left and right, respectively. Comparing
Figs. 1 and 2, we see that the asymmetry is largest near the wino-higgsino resonance as
expected, with a bino-like LSP. We discuss the resulting implications for viable accidental
SUSY EWB and DM in light of the other relevant DM and EDM constraints in Sec. VIII.
There are several theoretical uncertainties associated with the production of the baryon
asymmetry at the electroweak phase transition. Dependence on the bubble wall parameters
(the velocity, thickness, and variation of the ratio of Higgs vevs, ∆β, across the wall) can
introduce O(10−100 GeV) uncertainties in the constant-BAU contours in the gaugino mass
planes. For some of these parameters, the effect on YB is simple - for example, YB is linear
in ∆β for the resonant sources used here. For the values of mA we consider, ∆β ranges
from (0.2− 2)× 10−3 (using the two-loop results of Ref. [56]). The dependence on the wall
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width and velocity is not as straightforward, since these quantities enter into other terms of
the transport equations besides the CP-violating source, as well as in the integral over nL.
The BAU generally decreases with increasing Lw and is maximized for values of vw around
a few ×10−2 (large velocities render the transport of chiral current inefficient, while smaller
velocities lead to a quasi-equilibrium situation, also suppressing the asymmetry) [31, 57]. In
our numerical calculation of the BAU we choose the optimistic values vw = 0.05, Lw = 5/T
to estimate the maximal extent of the EWB-compatible parameter space.
An additional, significant, but to our knowledge less appreciated, uncertainty on YB in
the present calculational framework is that associated with the nucleation temperature, Tn,
around which the processes relevant for EWB occur. In Fig. 2, we assumed Tn = 100 GeV;
however, the nucleation temperature can in principle be lower or higher than this value,
and without a more detailed and model-dependent study of the EWPT in accidental SUSY
models, its value is at best known to an order of magnitude.
It is however possible to quantitatively assess the impact of this uncertainty: we compute
the baryon asymmetry for different values of Tn in Fig. 3. Lower temperatures reduce
the baryon asymmetry, as the sphaleron rates are “slower” and the Boltzmann suppression
stronger in this regime. Conversely, larger temperatures enhance the BAU. Fig. 3 implies
that if the EWPT is made strongly first order by the mechanism of supercooling described
above, the resulting nucleation temperature must not be too low (>∼ 80 GeV), otherwise
much of the potentially viable parameter space for EWB and DM discussed in Sec. VIII
will be ruled out5. We encourage the reader to bear this caveat in mind in interpreting our
results in the following sections.
V. ELECTRIC DIPOLE MOMENTS
The general MSSM contains 40 CP-violating phases in addition to the single CP-violating
phase in the standard model CKM matrix. These generally give rise to EDMs and chromo-
EDMs in elementary fermions, nucleons, and neutral atoms. The current non-observation
of any such EDMs puts stringent constraints on beyond-the-standard-model physics (for a
recent study of constraints on CP-violating phases from EDM searches see e.g. Ref. [58]).
5 This can be viewed as an upper limit on the number of inflationary e-folds surrounding the phase transition
as discussed e.g. in Ref. [8]
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FIG. 3. Curves of YB = YObs for different nucleation temperatures and for mA = 500 GeV with
maximal CP-violating phase. The inset shows the temperature dependence of the resulting baryon
asymmetry for a point near the resonance; the red shaded region is excluded by the non-observation
of the electron EDM (discussed in Sec. V) . Smaller nucleation temperatures reduce the weak
sphaleron rate and result in larger Boltzmann suppression while larger temperatures can enhance
the BAU.
In our model, all relevant one-loop single-particle EDMs are suppressed by the large
masses of the first and second-generation sfermions. Since we consider only CP-violation in
the phases of M1 and M2 (or, equivalently, in µ)
6, there are no contributions to chromo-
EDMs. Instead, the dominant contributions come from two-loop Barr–Zee-like diagrams [59]
involving chargino-neutralino loops. The electron-EDM provides the most stringent con-
straint on our model, with an experimental bound of |de| < 1.05× 10−27e-cm (coming from
6 Technically, the physical CP-violating phases correspond here to φM1,2 ≡ Arg(µM1,2b∗), with b the soft
SUSY-breaking Higgs mass parameter.
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experiments on the YbF molecule) [60]. The current constraint from the neutron-EDM is
also quite strong (|dn| < 2.9× 10−26e-cm) [61], but tends to be about 30% weaker than the
electron constraint relative to our model’s predictions. On-going experiments may improve
the sensitivity to the electron EDM by up to two orders of magnitude (see, e.g., Ref. [62]),
which has the potential to constrain almost the entire parameter space for baryogenesis in
an accidental SUSY model. A non-null observation at that sensitivity level could also point
to new physics consistent with this model.
We use the expressions in Ref. [63] to calculate the electron and neutron EDMs in our
model, along with the FeynHiggs package [64] to calculate the Higgs mass and mixing angles
including the full effects of CP violating phases. Fig. 4 shows curves of constant electron-
EDM along the M1–M2 plane with maximal CP-violating phases, φM1 = φM2 = pi/2. At
each point, the value of µ is taken from Fig. 1 to provide the correct dark matter relic
abundance. The experimental bounds on both electron and neutron-EDMs rule out the
entire plotted parameter space for maximally CP-violating phases. Of course, smaller CP-
phases are viable: the appropriate size of the CP violating phase depends on the requirement
of matching the observed BAU, as calculated, for φM1 = φM2 = pi/2, in Fig. 2. We postpone
the calculation of the resulting EDM constraints to our summary section on the accidental
SUSY parameter space in Sec. VIII.
VI. DIRECT AND INDIRECT DARK MATTER SEARCHES
The phenomenology of neutralino dark matter in the incarnation of the MSSM corre-
sponding to the accidental SUSY framework described above depends, generically, on a
relatively small set of parameters. These include the relevant mass scales entering the neu-
tralino mass matrix (µ, M1, M2) and the mass scale of the heavy Higgs sector (e.g. fixed
by the physical mass mA). Other light particles, including the radion, radino, and stops,
are largely non-influential, as long as none of those particles is the LSP. Our analysis of the
(M1,M2) plane therefore satisfactorily exhausts the relevant dark matter phenomenology
for the model under study.
We calculate in this section rates for the direct and indirect detection of dark matter. We
start with the exploration, in Fig.5, of the spin-independent neutralino-proton scattering
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FIG. 4. Curves of constant electron-EDM for mA = 500 GeV (left) and 1000 GeV (right) and
maximal CP-violating phase, φM1 = φM2 = pi/2. The labels are in terms of the current experimental
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shown) are qualitatively similar, but provide less stringent constraints.
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the “well-tempered” neutralinos of Fig. 1, for mA = 500 GeV (left) and 1000 GeV (right).
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cross section, for which we show several iso-level curves7. In the present framework, this
quantity depends on the coupling of the lightest neutralino to the CP-even Higgses h and H
and thus, in turn, on the lightest neutralino’s higgsino fraction. Small higgsino fraction, as
encountered near the M1 'M2 border and in the mχ ' mA/2 resonance region, suppresses
the scattering off of nucleons. The larger the higgsino mixing, the larger the cross section
(which at large tan β is proportional to (N11(N12 − N13))2, where N is the matrix that
diagonalizes the neutralino mass matrix), as can be appreciated by noticing the increase
in the cross section with M1, which corresponds to values of µ that are increasingly more
degenerate with M1 in order to satisfy the relic density constraint.
We shade in grey the region that is already excluded by current, recent results from the
Xenon100 experiment [65]. The recent results from 225 live days represent a very significant
improvement over the previous years’ results [66], with an important impact on the regions
ruled out by direct dark matter searches. The region ruled out corresponds to M1 <∼ 220
GeV and M1 >∼ 300− 350 GeV for mA = 500 GeV, and to M1 <∼ 450 GeV or M1 >∼ 550 GeV
for mA = 1000 GeV (with the exception of the narrow regions at M1 ' M2). The pattern
observed for the two values of mA under consideration here continues for other values of mA,
leaving strips 60-100 GeV wide around M1 = mA/2.
We now turn to indirect detection, and specifically to the search for high-energy neutrinos
from the Sun produced by dark matter annihilation. In the very near future, the now-
completed km3 high-energy neutrino detector IceCube and the compact Cherenkov detector
DeepCore operating at IceCube’s center (and featuring a comparatively much lower energy
threshold), will deliver data of great relevance in the search for particle dark matter. For
the parameter space of interest here, the key search will be targeting high-energy neutrinos
originating from neutralino pair-annihilation at the core of the Sun, where the neutralinos
had been trapped by successive scattering with the Sun’s nuclei.
Fig. 6 shows the predicted integrated muon flux for muons resulting from muon neu-
trino charged-current interactions, integrated above a conventional 1 GeV threshold8 for
180 live-days (roughly one year of operations), from neutrinos produced by neutralino pair-
annihilation in the Sun. Current constraints from operating neutrino telescopes [67] do
7 For these and all other dark matter detection cross sections and rates, we employ the DarkSUSY code
[48] with default parameters for the Galactic dark matter halo, quark content of the proton, etc.
8 We note that IceCube has a much higher energy threshold, but the combined reach of IceCube-DeepCore
is customarily expressed in terms of the integrated flux above 1 GeV, for a given final state (in this case
pair-annihilation into W+W− and ZZ). 23
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FIG. 6. Curves of constant flux of muons from neutrinos produced by neutralino pair-annihilation
in the Sun, for the “well-tempered” neutralinos of Fig. 1.
not exclude any of the shown parameter space. We shade in grey the region that will be
probed with 180 days of IceCube80 plus Deep-Core data [67]. The neutrino flux from the
Sun depends primarily on the capture rate in the Sun which, in turn, is highly sensitive
to the spin-dependent neutralino-nucleon cross section. Again, this cross section depends
on the higgsino fraction, and is suppressed in the regions of wino-bino mixing as well as in
those where the mechanism that sets the correct neutralino thermal relic density is resonant
annihilation, and where the higgsino fraction is much lower (see Fig. 1). Future prospects
for neutrino telescopes are, overall, rather promising, covering most of the parameter space
where resonant pair-annihilation does not occur. Current direct detection results (Fig. 5),
however, exclude the possibility to have a signal from neutrino telescopes in this model at
the sensitivity level under consideration here.
Finally, in Fig. 7 we concentrate on other indirect detection methods, such as the search
for gamma-rays or of antimatter resulting from the pair-annihilation of dark matter in the
Galactic halo. All of the associated rates depend linearly upon the (zero temperature,
thermally averaged) pair-annihilation cross section 〈σv〉, and, generically, on the inverse of
the dark matter particle mass. We find, as expected, that the neutralino pair annihilation
cross section is uniformly close to 〈σv〉 ' (1 − 2.5) × 10−26cm3/s; we note that this value
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FIG. 7. Curves of constant neutralino zero-temperature thermally averaged pair-annihilation cross
section 〈σv〉, for the “well-tempered” neutralinos of Fig. 1.
differs from the canonical 〈σv〉 ' 3 × 10−26cm3/s because of neutralino co-annihilation
with the chargino and next-to-lightest neutralino that contribute significantly to the freeze-
out process when M1 ' µ. Given the relatively large values of the neutralino masses in
the regions of interest, mχ >∼ 100 GeV, all parameter space is beyond current constraints
from gamma-rays [68] (constraints from antimatter are highly dependent on assumptions on
cosmic ray propagation, and are not tighter than those from gamma-rays for conservative
choices of the parameters describing cosmic-ray Galactic diffusion). The low-M1 region
might be testable with increased statistics from the Fermi Large Area Telescope [69]. Going
beyond the projected reach of neutrino telescopes would, however, need an improvement
of more than one order of magnitude over existing limits, which appears unrealistic in the
immediate future.
VII. NON-RESONANT SOURCES
Before discussing the accidental SUSY DM and EWB parameter space, we briefly ad-
dress the potential effects of non-resonant CP-violating sources on EWB. The source we
consider in Eq. 10 was computed in the Higgs vev-insertion approximation, in which inter-
25
actions of the higgsinos, gauginos, and Higgs vevs at the EWPT bubble wall are treated
perturbatively. This framework is also used to compute the chiral relaxation rates, whose
resulting resonant structure must be taken into account to obtain more realistic estimates
for the BAU. Alternatively, one can implement a resummation of the vev-insertions for the
CP-violating sources by considering the interactions with the Higgs vevs as resulting in
spacetime-dependent mass matrices for the supersymmetric particles. This was carried out
in Refs. [27, 55], which showed that the resummation effectively “smooths out” the reso-
nance predicted by the vev-insertion approximation, and results in new sources that are not
obtained in the vev-insertion method. These new CP-violating sources are not resonant and
are not proportional to ∆β, hence escaping the suppression for increasing mA. While the
resonant sources will dominate for regions with M1,2 ∼ µ, the non-resonant contributions
may become important away from these regions.
To investigate the impact of non-resonant sources on the accidental SUSY EWB param-
eter space, we calculate the baryon asymmetry9 following the methods of Refs. [27, 55] with
the well-tempered neutralino values in the gaugino mass planes and the same assumptions
for the particle spectrum as in Sec. IV. The results are shown in Fig. 8 for mA = 500, 1000
GeV on the left and right, respectively, for maximal CP-violating phase. As expected, the
non-resonant contributions dominate away from the resonance, as can be seen by comparing
Figs. 2 and 8. However, for our choices of parameters, these sources do not open up any
additional viable parameter space for EWB, other than potentially the green region on the
right of Fig. 8, which is solidly ruled out by direct dark matter searches. We discuss the
effects of including non-resonant contributions on the EWB-compatible accidental SUSY
parameter space below. Note that these sources enter with opposite sign relative to the
resonant sources we consider in Sec. IV.
VIII. THE ACCIDENTAL SUSY BARYOGENESIS PARAMETER SPACE
In this section we summarize our findings, and search for the portions of the parameter
space of accidental supersymmetry that produce both a good thermal relic neutralino abun-
dance and successful baryogenesis at the electroweak phase transition. To do so, we consider
both resonant sources only (Fig. 9) and resonant plus non-resonant sources (Fig. 10). We
9 As in Refs. [27, 55], we consider only the chargino contribution to the CP-violating source in this Section.
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FIG. 8. Curves of constant BAU from non-resonant sources, in units of the observed BAU, for the
“well-tempered” neutralinos of Fig. 1, for mA = 500 GeV (left) and 1000 GeV (right)
calculate the maximal BAU that can be produced at each parameter space point such that
constraints from EDM searches are not violated, and we superimpose limits deriving from
dark matter direct searches with Xenon100. As noted above, results for intermediate values
of mA interpolate between what we find for the two specific values chosen here.
The key findings of this section are that:
• the lightest neutralino mass must have a mass between 200 and 500 GeV
• the masses of all charginos and neutralinos lie within a factor 2 of the lightest neutralino
mass
• the heavy Higgs sector must be below 1 TeV (no viable parameter space is open for
mA >∼ 1 TeV, see the right panel of Fig. 9 and 10) and lies within approximately 20-25%
of twice the lightest neutralino mass (to comply with direct detection constraints)
Fig. 9 shows the allowed parameter space that is consistent with the observed dark
matter relic abundance, electroweak baryogenesis, EDM constraints, and dark matter direct
detection constraints, ignoring the contribution of non-resonant sources. As in all other plots,
at each point on the M1–M2 plane, µ is set to give the correct dark matter abundance. The
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FIG. 9. A summary plot for the parameter space of accidental supersymmetry compatible with
successful electroweak baryogenesis, constraints from EDMs and dark matter searches. The green
regions correspond to regions that produce 100% of the BAU and that are compatible with EDM
searches; within the light blue regions, CP-violating phases compatible with EDM constraints yield
a BAU greater or equal to 10% of the observed value. We shade in gray the portion of parameter
space ruled out by direct dark matter searches with Xenon100 [65], and as in all other plots we set
mA = 500 GeV in the left panel and 1000 GeV in the right panel.
phases φM1 = φM2 are set to the maximal value compatible with EDM searches. The green
central region is consistent with all of the baryon asymmetry coming from the electroweak
phase transition, whereas in the larger blue regions electroweak baryogenesis would only
account for a fraction of the asymmetry, at least 10%, unless a correction of order unity is
applied to the calculation of the BAU.
Across the parameter space we consider here, the only viable regions are those for which
the baryon asymmetry (as calculated, for a maximal CP-violating phase, in Fig. 2) is large
enough such that the regions still satisfy the BAU requirement when the CP-phase is re-
duced to avoid the EDM constraints. For mA = 1000 GeV, we find no viable region of
parameter space satisfying all requirements we impose. We note that M1 (and thus the
lightest neutralino mass, in the parameter space of interest here) ranges between 200 (for
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FIG. 10. Same as in Fig. 9, but now including non-resonant sources, for mA = 500 GeV (left) and
1000 GeV (right).
smaller values of mA, consistent with particle physics constraints such as e.g. those arising
from b → sγ) and 500 GeV; µ and M2 are both within a factor 2 of M1, with a degree of
degeneracy that increases with increasing mass. As a result, all four neutralinos and two
charginos in the electroweak “-ino” sector are compressed to within a factor 2 of the light-
est neutralino mass, whose value is, in turn, constrained to 200 <∼ mχ/GeV <∼ 500. Also,
Fig. 9 and 10 illustrate that direct detection constraints imply that the heavy Higgs sector
lie within 20-25% of twice the LSP mass.
Fig. 10 adds to the calculation of the BAU the non-resonant sources contribution discussed
in sec. VII. Non-resonant sources play an important role in opening up most of the accidental
SUSY parameter space outside the regions where resonant terms (with which they negatively
interfere) are important. Still, non-resonant contributions fall short of producing 100% of
the observed BAU, which is again limited to an even narrower region of parameter space
with M1 ∼M2 ∼ µ. Also, we find again that no parameter space is open at mA = 1 TeV if
one insists on successful EWB. Qualitatively, the addition of non-resonant sources does not
change our conclusions.
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IX. DISCUSSION AND CONCLUSIONS
Accidental supersymmetry is a particle physics framework that naturally addresses both
the large and the little hierarchy problems as well as the potential CP and flavor problems
of supersymmetry, while in principle providing a successful thermal dark matter candidate.
We argued here that this framework naturally accommodates successful electroweak baryo-
genesis, for the following reasons:
(i) a strongly first order electroweak phase transition may be a generic feature of this
framework, either as a consequence of supercooling produced by the phase transition
between the high and low-temperature RS spacetimes, or from the contribution of a
singlet to the superpotential as may be required to solve the µ-problem;
(ii) light third-generation stops and gauginos allow for resonant CP-violating sources to
produce potentially large net chiral currents fueling a large enough net baryon number
via sphaleron transitions;
(iii) heavy first- and second-generation sfermions prevent excessive one-loop contributions
to observable electric dipole moments in the presence of the needed large CP-violating
phases.
Here, we carried out a model-independent study (from the standpoint of supersymmetry
breaking), although for definiteness we picked a specific accidental SUSY spectrum realiza-
tion. Specifically, we let the relevant U(1)Y and SU(2) gaugino soft supersymmetry breaking
masses M1 and M2, as well as the higgsino mass parameter µ vary freely. We constrained
this triplet of mass parameters enforcing that the lightest supersymmetric particle be a
neutralino with a thermal relic density matching the observed density of dark matter. In
practice, this amounted to selecting values of µ across the (M1, M2) parameter space so
that the higgsino fraction drove the thermal relic density of the lightest neutralino to the
desired value.
After enforcing the relic density constraint, we proceeded to calculate the baryon asym-
metry resulting from electroweak baryogenesis across the (M1, M2) parameter space. We
included both resonant and non-resonant sources, and we picked two representative values for
the heavy Higgs sector mass scale, which is relevant for resonant sources. The requirement
of successful baryogenesis generically restricted the viable parameter space to a relatively
30
narrow funnel at M1 <∼ M2, with µ ∼ M1, M2; recent direct detection constraints also
enforce M1 ' mA/2 to within 20-25%.
The strongest constraints on this framework derive from the non-observation of elec-
tric dipole moments and of signals from dark matter direct detection, most notably with the
Xenon100 experiment [65]. We calculated in detail how these constraints restrict the param-
eter space relevant for baryogenesis, concluding that dark matter direct searches eliminate
neutralinos with a large higgsino fraction (requiring to some degree resonant annihilation
through the heavy Higgs sector, and hence M1 ' mA/2), while electric dipole moments
greatly restrict regions of viable electroweak baryogenesis to those parameter space points
producing, for maximal CP violating phases, a BAU much larger than observed (those pa-
rameter space regions are then compatible with successful baryogenesis as the CP phases
are lowered to comply with EDM searches).
We calculated the predicted EDM and dark matter search rates in the framework of
accidental supersymmetric baryogenesis and we concluded that:
• the most sensitive EDM search to constrain this model is provided by searches for the
electron EDM; an improvement of one order of magnitude on the current experimental
sensitivity would conclusively test the framework, even allowing for some theoretical
uncertainties in the calculation of the BAU;
• the entire parameter is highly constrained by current direct, spin-independent dark
matter-nucleon cross section limits, and will soon be fully tested even for resonant
neutralino annihilation
• the predicted signal at neutrino telescopes from neutralino annihilation in the core
of the Sun is potentially large enough for detection, although direct detection results
imply that no signal is expected within approximately one year of data taking
The parameter space compatible with successful baryogenesis and thermal dark matter
is highly constrained, and is characterized by a lightest neutralino with a mass between 200
and 500 GeV, with all other neutralino and chargino masses within a factor 2 of the lightest
neutralino mass, with mA ' 2M1 < 1 TeV. This compressed electroweak “inos” spectrum
might be challenging for LHC searches, but would be ideally targeted with an e+e− linear
collider with a TeV center of mass energy.
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Concluding, we demonstrated here that accidental supersymmetry is an explicit realiza-
tion of a framework for successful thermal relic dark matter and electroweak baryogenesis,
which is motivated by an entirely different set of theoretical arguments based upon ad-
dressing the hierarchy, CP and flavor problems. We showed that accidental supersymmetric
baryogenesis is a highly constrained setup, but one with very sharp experimental predictions
for electric dipole moment, dark matter, and collider searches. We therefore anticipate that
this scenario be falsified or produce signals in the very near future in a variety of experiments.
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